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X-BAY METECD FOR DETERMINING ¥IiM TEICKNESS
T BY MEARS OF SUPERINPOGITION

L. 8. Palatnik
Khar 'kov State U

: In 1940 ve suggested an X-ray method for determining film thickness (1, 2)

. vhick vae subsequently used at the Khar'kov Blectromechanical Plamt. In inie
mothod the f£1lm thickness s detsrminsd by formmie after taking an X-ray
rhotograph by ths slide procedurs.

We aleo examined two-layer orystelline £ilms amd the cage uf an amorphu s
£1lm vhoes sbecrption cosffgpient iz imown {1). Subsequently (3), wo used the
X-ray mathod to determine the comcentration of the crystallins phegses and the
thickmess of a nonuniform surface layer on-a cmtalli* base containing or not
containing one of the pheses of this layer. In particular, ws discwssed the
case where the bage, carbon steel, consists of the alpha phiage and cementite,

end the thin surfece layer ‘le compoesed of the residual amstenite and ita trane-
formetion products. .

~ In order to use the above-mentioned formula, it is nenessary to know the
wmizmte structure of the substonces forming the film and the bage. Moreover,
the computations are very cumbersomes, espscially when somplex vtructures are
Tresent, oxides of metals, carbides, etc. The application of the X-ray method
is limited by sffects which dintort the nmormal intensity of the Dedys lines
(1). Buch effects are local amplitication or weakenifig of the interfsrence
maximums due to the texturs or large-grain size of the materisls and the relative
changes in the dlackening of the Debye lines at variows unglee of reflection,
due to inoreased dispersion, a strainsd comli*ion of the crystalline phases, or
uevennsss of the solid ssiution.
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A method 19 suggestel below to widen the fisld of application uf the X-rar
method for determining the thickness of £ilms amd for eimplifying the celculatlon
formulas. This mothod is appliceble 1f the film or base consists of a complex
eryataliine phese vhese structure hos nol besn deterhined; if the £ilp or bame
contains & uniform mixture of several pheses, oms of which may be amcrphous;

apd elso 1P the ebove-mentioned effects exist in “Le film or dase.

i5 in the prsvious papers (1, 3), we have deduced the formules for the
811de method. This method gives the formulss the simplsat poseidle form. Mors-
over, in most cases the slide sheps 18 the mose convenient on wvhich to deposit
P1lma, IF another X.ray methcd i3 suploysd, 1t is nscsseery to introduce
corresponding corrections into the formules. :

Differential «othod

Thia method utilizes the effect of variations in the ratio of the intensities
of the X-ray reflectiona from the £ilm ani the Lase during changes in the vave
length of the primsry radistion (3, 4). This effect depenis on the thickness of
the Tilm ani on the corpesponding abvsorption coefficients of the I rays.

The use of two radiations emables two systems of Dedye 1ines to be ldentified
on the reentgenogram of the specimen under oxamination, and it is possiblis to
41l which of them cogresyonds to the film and which to the base. Moreover, if
the ochemicel composltions of the £ilm and base are known approximately, end it
1t 18 possibls to asgume that certain conditions remsin the seme in paasing over
from ono radiation to enother, .it is not necessary to know their structure. How-
ever, the application of this method is limited by the necessity for very sxact
measurement cf the intensity of the reflections, #ince it varies very slightly
with the wavo length of the X reys.

Mathod of Stapdayd Mixtures

The diffisulties associated with the calculatlor of the structural factor
and other quantities entering into the formulas derived by us can bs overcome
by taking e yvventgenogrem of a mixture vhose structural components are the same
substances es trose of the film and dese.

The drevbaok of this method is that the preparstion of the mixtures requires
carsful mixing of both phases. This iz no% elways possible. Moreover, the
nethod 20es nbt mako allowances for Sextudes, which is not infrequently «hearved

' in various £ilmes and beses.

Superimposition Method

This method als> is basad on experiments) measurementa of the intensities
of, the Detye lines fox the subatences in the £1lm and bese. The method consista
of taking both substances on the seme roentgenogrem which results in a picture
resembling tlose obtained from mixtures. During exposure, the two substanses
are alternated through definits time intervals whose retic determines the ratlo
of the integrsl intensitiea of the pair of Debye lines being coupered.

In order to obviata the influence of the sensitivity of the L-ray film
with tims and the influence of fluctuations during the operation of the X-ray
+udbe, it is nscoesary that thess time intervels be sufficiently small with
respect to the total exposure time of the roentgenogram. For example, when
investigatiag cylindrical specimens (5) 1t is possible to use Sekito's method
vhich 18 employed ’n phege snalysis (6). It io also sasy, vhen using the slide
method, 4o meke suitable arrsngementa for prriodicelly interchanging dboth sub-
stences while exposing *hem for any small time intervals desired.
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One of thess substances can be s thick £1im with the samo composition,
atructureé, snd peculierities, e.g., texture, diapsrsion of crystels, e%c.,
as the film vhose thicknesa im %o be determined. The second suhatance can be
the specimen boing Iinvestigsked, but without the £ilm. The ratio of the ints-

grel intenoities of the Dedye lines on & roentgenogram taken by the method of
superinpcs 1tion can then be determined oy forxmula.

Thus the superimposition mwethodl, whick has all the edvantages of the method
of atandard mixtures, suwtometically tekes inte accoumt the structurel condition
of the base and the £ilm -- texture, mosaic, coarse-grain, dispersilon, strain,
diseguilibrium of solid solution; stc. This is importamt becauvgs all the above
affests, egpecially texturxe, coften occur when the f1lm is deposited in wideiy
difforsnt weys, e.g., by electrolysis {6, 7) condemsetion of vepors in a
wouwun (8, 9§E,’ oxidstion of metals (10), etc., and cen be properly allowed for.
In some cases the influsnce of fexture can even be wsed to increase the sensi-
tivity of the roentgenogrem method of determining the thickness of covsrings.

The method can also be used for quantitative phese analysis, where the un-

Imowa quantities will be the xelative concentrations of standeaxd mixtures in the
alloy bsing investigeted.

Assessing Acowracy erd Sensitivity of Z-Rey Method of Determining Film Thicknsss

The main exror which determines the scouracy of the measuremsnta of £ilm
thickness is the error in measuring the intensity of the Debye lines.

Application of S impogition Method to Measurement of Effective Thickneas of
an Oxide f:& on Steel

Ve sre using the superimposition method in various cases of phase enalysis
und determination of the ihiclmess of crystaliine films. A rapid X-ray method
for ose control of the effective thickness of the oxide layer on oxidi:zed
oteels is descrided bdelow. For this purposa we used the high speed Bolinowvskiy
cemere, developed by us at Khar'kov Elsctromechanical Plcnt in 1939, vhich uses
the foousing principis.

In this method, firs* davisad by V.A. Tsukermar ani L.V. Al'tshuler (12),
the X xays are fcoused on a circumference equal to that of the specimsn and the
X-rey £ilm. Owr camexe has a conveniently designed stage for taking shots ¢f
the specimens by +the alide method. The camera can be adapted easily to any
oxisting dismountabls X-ray tube by & alighl modification of the anticathode cover.
There should de & chamfer on the cover so that the primary X-ray Yeam can be
emitied at an angle of 4-8 degrees to the aurface of “he anode mirror. The
cameya 18 fitted with a removabls eeries caseette for six frames. The dimensions
of the X-ray £ilm are 13 by 9 centimeters and the diemeter of the cessette is
86 millimeters, which corresponds to & threefold scale with reaspect to the orci-
naxry Debye photographs. The cassette 1o epring-attached to slide rails mountsd
secrzely on the camera, end is easily changed from one frawe to another. A
movable gtage with tvo windows for taking X-ray photographs by the superimposition
mothod ig attached to the upper part of the alide rails.

When taking photograpihs by the ordinsry method, only ons of these windows
is used, and it remains motionless or oscillates along with the specimen in a
plene parallel to its surface. Tho specimen (slide) cen be of any size and does
not require special adjusting. It 1is placed fresly on the stage or is held in
place by tbe spring es is the cese in the ordinary metal mioroscope and can be
removed easily when changing cover for e nev photograph without requiring any
auxiliaery operstions.
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An electromegnet, which is sesoured tc the stand separately, cen shift the
stage of the high-speed camera so that first one and then the other window with®
the two different specimens comes wnder the X-ray beam. The time intexvals
during which the XI-ray beam acts on sach spesimen ars accurately regulated by
the periodic awitching on and off of the electromagnet by means of & contact
disc rotated at 6 rpm dy a Warren synckronous motor. Provision la made for regu-
lating the tims thet the megnet is switchad on in the ramge 0.1 te 0.5 of the
turning time of the disc. This arrangsment allows one to teke & series of
oloven X-ray photographs by the superimposition method. The time intervals can
be vaxrisd from 0 to 100 parcent in etews of 10 percent. The tims teken te
gwiteh over from one specimen to ths other cen Le dlsregarded, as the elsctro-
magnet and spring cpevate quite rapidly. The time intervals are sufficiently
small with respact to the overall exposure lime, which 1s equal to soveral
minutes. The electromsgnet is fed with direct current from e O.1-ampere
geleniux rectifier. The elactromegnet and spring cen also be wased for cscil-
lsting the specimen (g1ids) in which case an slternating current supply is used.

Conolusions

1. BNewv metbods and formules have heen suggestsd vhich simplify calou-
lations amd widen the f£ield of application of the F-ray method of determining
the thickness of films.

2. The methods proposed can be extended to cases where the film or the
bage contains complex chemical compounis whose structure is unknown, solid
solutions consisting of light and heavy elemsnts, or when the film or the dase
1 a mixture of saveral evenly distributed phases.

3. The superimposition method automatically takes into account the states
of the crysualline phmses of the £1lm and the base which distort the normal
valuss of th~ intensities of the Dedbye lines. Such states include disequilibrium
of the solld solution, lawrge grain size, dispsrsion and mosaic of crystalline
pirticles, atrain and texture in specimens.

a4, A comparstive omlﬁaticn vas made of the accuracy and sensitivity of
Z-ray mathods of determining ths thickness of £1ilms.

5. Apparatus for taking high-speed I—iay pbotographs by the superimposition
. method has been described.

6. 'The superimposition method lLas been used to measwre the thickneus of
the 1'0305 lsyer cn oxidized steel.
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